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© Polarization-sensitive beam splitter, method of manufacturing such a beam splitter and 
magneto-optical scanning device Including such a beam splitter. 



© A polarization-sensitive beam splitter comprising 
at least one transparent wedge-shaped element of a 
birefringent material is made by providing each one 
i_ of two substrate plates with an orientation layer, 
^ whereafter the substrate plates are arranged with 
their orientation layers facing each other while for- 
1^ ming a wedge-shaped interspace. The interspace is 
© filled with a liquid crystalline monomer composition, 
^ which is subsequently cured while forming a wedge- 
1^ shaped element of a uniaxial!/ oriented polymer 
lf> material. After possible removal of the substrate 
0 plates, two or three of such wedge-shaped elements 

can be joined to a Wollaston prism for use in th 
tt. pick-up element of a magneto-optical recording sys- 
tern. 
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The invention relates to a polarization-sensitive 
beam splitter comprising at least one transparent 
wedge-shaped element of a birefringent material, 
and to a device for scanning a magneto-optical 
record carrier including such a beam splitter. 

The invention also relates to a method of man- 
ufacturing a polarization-sensitive beam splitter 
comprising at least one transparent wedge-shaped 
element of a birefringent material, and to a device 
for scanning a magneto-optical record carrier. 

A polarization-sensitive beam splitter of this 
type is described in United States Patent US 
4,951,274 for use in a pick-up element of a 
magneto-optical recording system. In this beam 
splitter two transparent wedge-shaped elements 
are used which are formed from crystalline quartz 
and are secured. to each other in such a way that 
the optical axes of the elements mutually extend at 
an angle between 45* and 135*. Such a beam 
splitter (Wollaston prism) proportionally occupies 
much space in the pick-up element of a magneto- 
optical recording system. Moreover, the quartz ele- 
ments must be accurately processed and correctly 
shaped. 

It is, inter alia an object of the invention to 
provide a polarization-sensitive beam splitter which 
is small and lightweight. The invention has for its 
object to provide a beam splitter which can be 
simply and accurately positioned in a light path in 
the desired manner. It is desirable to provide a 
beam splitter in which in transmission the ortho- 
gonally polarized light components are separated 
from each other, whereafter the polarized light 
beams mutually diverge. The invention has also for 
its object to provide a simple method of manufac- 
turing such a polarization-sensitive beam splitter. 

These and other objects are achieved by a 
polarization-sensitive beam splitter as described in 
the opening paragraph, which beam splitter accord- 
ing to the invention is characterized in that the 
wedge-shaped element comprises a uniaxially ori- 
ented polymer material which is formed from a 
cured liquid crystalline monomer composition. 

In accordance with a very suitable embodiment 
of the polarization-sensitive beam splitter according 
to the invention, this beam splitter comprises two 
or three wedge-shaped elements having mutually 
different directions of orientation of the polymer 
materials. 

A special embodiment of the beam splitter 
according to the invention comprises an anti-reflec- 
tion grating, provided in the polymer material, on 
the faces of the beam splitter where the light beam 
enters and exits, respectively. 

A device for scanning a magn to-optical record 
carrier according to the invention includes a b am 
splitter comprising a wedge-shap d elem nt which 
is formed from a uniaxially oriented polymer ma- 



terial. The light path of the device can be made 
very compact due to th small dimensions of such 
a beam splitter. 

To obtain a beam splitter having a small total 

5 thickness, it is possible to juxtapose a plurality of 
small wedge-shaped elements in a sawtooth struc- 
ture. Also in that case pairs of two wedge-shaped 
elements each, with mutually different directions of 
orientation of the polymer materials, can be used. 

70 According to the invention, the object of provid- 
ing a method of manufacturing a polarization-sen- 
sitive beam splitter is achieved by means of a 
method in which two substrate plates are provided 
with orientation layers, whereafter the substrate 

75 plates are arranged with their orientation layers 
facing each other while forming a wedge-shaped 
interspace, whereafter the interspace is filled with a 
liquid crystalline monomer composition which is 
subsequently cured while forming a wedge-shaped 

20 element. 

Subsequently, the substrate plates may be re- 
moved, if desired. If one substrate plate or both 
substrate plates are not removed, for example, 
because they are used as protections at the outer 

25 side of the beam splitter, a substrate plate having a 
thickness of between 0.1 and 1 mm is preferably 
used. 

It is true that United States Patent US 
5,042,925 describes a polarization-sensitive beam 
30 splitter with a polarizing layer comprising a cured 
liquid crystalline monomer composition, but this 
polarizing layer is not wedge-shaped. The known 
beam splitter is proportionally large and partly op- 
erates in transmission and partly in reflection. An 
35 accurate position and orientation in the light path is 
critical for a satisfactory operation of the known 
beam splitter. 

These and other aspects will be apparent from 
and elucidated with reference to the embodiments 
40 described hereinafter. 
In the drawings 

Fig. 1 shows suitable monomers for forming a 
wedge-shaped element according to the inven- 
tion, 

45 Fig. 2 shows examples of the group X, 
Fig. 3 shows examples of the group M, 
Fig. 4 shows the structural formula of a suitable 
liquid crystalline monomer composition, 
Fig. 5 shows a wedge-shaped element for use in 

so a polarization-sensitive beam splitter, 

Figs. 6 and 7 show two different embodiments 
of a polarization-sensitive beam splitter compris- 
ing two wedge-shaped elements, 
Fig. 8 shows an embodiment of a polarization- 

55 sensitive beam splitter comprising three wedge- 
shaped elements, 

Fig. 9 shows a device for scanning a magneto- 
optical record carrier, 
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Fig. 10 shows a device for scanning a magneto- 
optical record carrier, 

Fig. 11a and b show two orientations of the 
beam splitter and detection system of the de- 
vice of Fig. 10, 

Fig. 12a, and b show two embodiments of an 
integrated PPBS cube and wedge element, 
Fig. 12c shows an embodiment of an integrated 
PPBS plate and wedge element, 
Fig. 13a shows a device for scanning a 
magneto-optical record carrier, and 
Fig. 13b, c and d show embodiments of an 
integrated mirror and wedge element. 
Fig. 1 shows a plurality of suitable monomers 
with which a wedge-shaped element can be manu- 
factured for use in a polarization-sensitive beam 
splitter according to the invention. Suitable mon- 
omers are, inter alia, aery late compounds (the 
group -R is a hydrogen atom), methacrylate com- 
pounds (the group -R) is a methyl group), 
chloroacrylate and fluoroacrylate compounds (the 
group -R is a chlorine atom or fluorine atom), 
epoxy compounds and vinyl ether compounds. Ex- 
amples of the group -X-are shown in Fig. 2, in 
which p may have a value from 1 to approximately 
12. Examples of the group -M- are shown in Fig. 3. 
For curing the monomer composition by means of 
photopolymerization, a photosensitive initiator can 
be used whose nature can be adapted in known 
manner to the nature of the monomer. Aromatic 
carbonyl compounds are suitable photosensitive in- 
itiators for curing di(meth)acrylate compounds, 
while diaryliodonium compounds such as 
diphenyliodonium hexafluoroarsenide can be used 
for curing epoxy and vinyl ether compounds. 

Embodiment 1 



A monomer composition was made by mixing 
a liquid crystalline di aery I ate compound, whose 
structural formula is shown in Fig. 4 (for example, 
to be manufactured by means of the method de- 
scribed in European Patent Application no. EP 261 
712) with 2% by weight of the photosensitive in- 
itiator 2,2-dimethoxy-2-phenyl-acetophenone 
(marketed by the firm of Ciba-Geigy). 

Two rectangular glass plates were coated with 
orientation layers of nylon and rubbed with an anti- 
fluff cloth in one direction which was chosen to be 
parallel to one of the edges of each glass plate. 
The glass plates were subsequently arranged op- 
posite each other, with their rubbing directions in 
parallel, while leaving a wedge-shaped space be- 
tween the glass plates. A spacer was placed be- 
tween the glass plates at one of the sides so that 
the angle b tween the glass plates, the wedge 
angle, was 4 • . The space between the glass plat s 
was filled up with the afore-describ d monomer 



composition whereafter a solid wedge-shaped ele- 
ment was formed by means of actinic radiation, 
irradiation by UV light in accordance with the ex- 
ample, whereafter the glass plates were removed. 

5 Fig. 5 shows the resultant wedge-shaped ele- 

ment 1 in which the direction 2 of orientation of the 
molecules is chosen to be perpendicular to the 
optical axis of the element and parallel to the 
narrow edge of the wedge. An incident unpolarized 

w light beam 3 is separated into an extraordinary light 
beam 4 and an ordinary light beam 5 having mutu- 
ally different directions of polarization. The value of 
the angle between the two exiting beams is propor- 
tional to the wedge angle and to the value of the 

15 birefringence. Due to the relatively large birefrin- 
gence of the polymer materials used, a relatively 
small wedge angle can be taken for realising a 
given angle between the exiting beams. For a 
beam splitter of, for example crystalline quartz, 

20 which has a considerably smaller birefringence 
than the polymer materials, the wedge angle 
should be approximately fifteen times as large for 
the same angle between the exiting beams. Since 
the wedge angle is decisive for the thickness of the 

25 beam splitter, it will be evident that the beam 
splitter according to the invention can be made 
considerably thinner than quartz beam splitters. 

Instead of orientation layers of nylon, other 
known orientation layers may be used such as 

30 rubbed layers of poiyimide or polyethylene, or a 
silicon oxide layer sputtered at an angle. If desired, 
the orientation may alternatively be obtained by 
applying a magnetic field, for example of a strength 
of 15 kGauss. 

35 Suitable materials and alternative methods 
which may be used for manufacturing a 
polarization-sensitive beam splitter according to the 
invention are also described in an article by R.A.M. 
Hikmet and D.J. Broer in Polymer 32(9), pp. 1627- 

40 1632 (1991). This article describes the manufacture 
of self-supporting flat elements suitable for dy- 
namic mechanical measurements. 

Embodiment 2 

45 

Two wedge-shaped elements as described in 
embodiment 1 were manufactured, but the rubbing 
direction in one element, and hence the direction of 
orientation of the molecules was chosen to be such 

so that it extended at an angle of 45 • to the narrow 
edge of the wedge. 

Fig. 6 shows a polarization-sensitive beam 
splitter comprising two wedge-shaped elements 1 1 
and 12 in which the directions 13 and 14 of orienta- 

55 tion are perp ndicular to the optical axis of the 
beam splitter and extend at an angle of 45* to 
each other. 
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In principle, such a double beam splitt r, which 
may be referred to as a modified Wollaston prism, 
splits an incident unpolarized light beam 15 into 
four sub-beams, two of which, b 0(0 and b e , e . co- 
incide while the two other sub-beams, b e , 0 and b 0 , e 
extend at an opposite angle thereto. The first and 
the second index of these sub-beams indicate that 
the relevant sub-beam for the first and the second 
wedge-shaped element is an ordinary (o) or an 
extraordinary (e) beam, respectively. For the sake 
of simplicity the unpolarized on-going beam, 
formed by the sub-beams bo.o and b e , e is denoted 
by 16 and the deflected, mutually perpendicularly 
polarized sub-beams b e , 0 and b 0t0 are denoted by 
17 and 18, respectively. Such a beam splitter may 
be used to great advantage in a scanning device 
for a magneto-optical record carrier. 

The ratio between the power of the on-going 
beam 16 and the sum of the powers of the de- 
flected beams 17 and 18 is dependent on the 
angle between the directions 13 and 14 of orienta- 
tion. At an angle of 0 ' the ratio is infinite, i.e. only 
the on-going beam 16 is present. At an angle of 
45 • the ratio is 1 . At an angle of 90 ' the ratio is 
zero, i.e. the on-going beam 16 is absent and the 
beam splitter functions as a non-modified Wol- 
laston prism. If the incident beam 15 is polarized, 
the ratio of the powers in the three beams is also 
dependent on the state of polarization of the in- 
cident beam. While the manufacture of, for exam- 
ple a quartz beam splitter at an angle which is 
unequal to 45 • or 90 " yields great cutting losses, 
the manufacture of such a beam splitter of a poly- 
mer material is essentially equal to the manufac- 
ture of the beam splitter shown in Fig. 6, in which 
one of the rubbing directions should be chosen to 
be different. 

Embodiment 3 



Two wedge-shaped elements as described in 
embodiment 1 were manufactured, but the rubbing 
direction in one element, and hence the direction of 
orientation of the molecules was chosen to be such 
that it extended at an angle of 90 * to the narrow 
edge of the wedge. The wedge-shaped elements 
were secured together by means of an optically 
neutral glue. 

Fig. 7 shows a polarization-sensitive beam 
splitter comprising two wedge-shaped elements 21 
and 22 in which the directions 23 and 24 of orienta- 
tion are perpendicular to the optical axis and to 
each other. If desired, this beam splitter (Wollaston 
prism) may be provided with anti -reflection grating 
layers 25 and 26 by using glass plates having a 
desired grating which is replicated on th entrance 
surface and the exit surface of th beam splitter, 
i.e. on the surface where the b am nters the 



beam splitter and where it leaves the beam splitter. 
The grating contributes to giving a direction of 
orientation to the mol cules of the liquid crystalline 
monomer composition and the birefringent polymer 

5 obtained by curing. For a light wavelength of 800 
nm a suitable grating is formed by ridges having a 
height of 0.2 urn and a period of 0.48 urn. If it is 
desired to give the beam splitter a very smooth 
surface, this can be realised, for example by pro- 

w viding a thin glass layer. 

Embodiment 4 

Three wedge-shaped elements as described in 

75 embodiment 1 can be manufactured, in which the 
wedge angles of the first element 28 and the third 
element 11 are equal and the wedge angle of the 
second element 27 is twice as large as the wedge 
angle of the first element, which three elements are 

20 subsequently combined to a beam splitter as is 
shown in Fig. 8. The rubbing directions 29 and 13 
of the first and third elements, respectively, are 
equal, whereas the rubbing direction 30 of the 
second element extends at an angle of 90 • to the 

25 rubbing direction 13. Due to its symmetrical struc- 
ture, such a prism referred to as double Wollaston 
only leads to a small perturbation of the wavefront 
of the transmitted light beams 4 and 5. The angle 
of 90* between the rubbing directions 13 and 30 

30 leads to a split-up of an incident, unpolarized beam 
15 into two polarized beams 4 and 5. By taking a 
different angle between 0 * and 90 • instead of an 
angle of 90 • , the incident beam is split up into two 
polarized beams and one unpolarized beam, in 

35 accordance with the split-up by the Wollaston 
prism shown in Fig. 6. A double Wollaston made of 
quartz is unsuitably large for many applications. 
However, a double Wollaston of polymer material 
may be made in a very small size. 

40 The polarization-sensitive beam splitter accord- 
ing to the invention is small and lightweight. It is 
easy to provide it in an optical device and particu- 
larly its positioning in a light path is easy because 
notably the orientation (angle to the light beam or 

45 optical axis) is not very critical and the optical 
properties are defined by the choice of the angle 
between the glass plates during manufacture of the 
wedge-shaped elements. 

Fig. 9 shows an embodiment of a device for 

50 scanning a magneto-optical record carrier accord- 
ing to the invention. This device comprises a light 
source 31 in the form of a semiconductor laser for 
supplying a scanning beam 32. A lens system for 
focusing the scanning beam generated by the light 

55 source is arranged in the path of th scanning 
beam. This system comprises a collimator lens 33 
and an objective system 34 for focusing the scan- 
ning beam to form a scanning spot 35 on an 
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information plane 36 of the record carrier. A par- 
tially polarizing beam splitter 37 (PPBS) is ar- 
ranged in the light path. The construction and func- 
tion of this PPBS is described in, for example 
European Patent Specification number 0 078 673. 
The device preferably also comprises a grating 38 
for splitting the beam 32 into, for example three 
sub-beams for a tracking servosystem and, if de- 
sired, a mirror 39 for folding the light path. 

The scanning beam is reflected in the record 
carrier and guided towards the PPBS via the ob- 
jective system and the mirror 39 which may be 
present. The light passed by the PPBS is subse- 
quently split by a polarization-sensitive beam split- 
ter 40 into an on-going beam and two deflected, 
mutually perpendicularly polarized beams, as is 
shown in Fig. 6. According to the invention this 
beam splitter comprises two wedge-shaped ele- 
ments of a birefringent material, i.e. a uniaxially 
oriented polymer which is formed from a cured 
liquid crystalline monomer composition in which 
the direction of orientation of the two wedge- 
shaped elements is different. The beams formed 
by the beam splitter are subsequently passed 
through a lens 41 and possibly through a cylin- 
drical lens 42, whereafter they are incident on a 
detector system 43. 

The beam splitter 40 may be relatively thin due 
to the small required wedge angle. At a beam 
diameter of 5 mm a thickness of less than 0.5 mm 
of the beam splitter is already sufficient for a 
satisfactory separation of the exiting beams. Such 
a thin beam splitter may be simply secured to the 
beam splitter 37 so that the number of components 
in the light path is reduced. A further reduction can 
be realised by providing the grating 38 also on the 
beam splitter 37 by means of a replica technique. 

The on-going beam formed by the beam split- 
ter 40 may be used for generating servosignals 
with which the scanning spot is held at the correct 
position in the record carrier, while the two de- 
flected, mutually perpendicularly polarized beams 
are used to generate an information signal which 
represents the information stored in the information 
plane 36. The distribution of the light power from 
the record carrier over the two polarized beams on 
the one hand and the on-going beam on the other 
hand can be adapted to the bandwidths of the 
information signal and the servosignals. Generally, 
the power in the beam should be larger as the 
bandwidth is larger. The ratio between the power in 
the polarized beams and that in the on-going beam 
is adjusted by means of the angle a between the 
directions 13, 14 of orientation in Fig. 6; 23, 24 in 
Fig. 7 in the wedge-shap d parts of th beam 
splitter 40. The angle is preferably larger than 45 • 
so as to have sufficient light available in th de- 
flected polarized b ams for g n rating the 



wideband information signal. The inv ntion pro- 
vides the possibility of giving the angle between 
the directions of orientation any arbitrary value be- 
tween 0* and 90*. The choice of the angle is 
5 determined by the circumstances in which the 
beam splitter must be used. 

Fig. 10 shows another embodiment of a device 
for scanning a magneto-optical record carrier ac- 
cording to the invention. The embodiment uses a 

jo polarization-sensitive beam splitter 45 comprising 
one wedge-shaped element of birefringent material 
according to the invention, whereas the embodi- 
ment of Fig. 9 uses a beam splitter comprising two 
wedges. The device has two detection systems. 

75 One detection system 46 is placed in the path of 
the beams passing through the beam splitter 45 
and is used for generating the information signal. 
The other detection system 47 is placed in a beam 
returning from the record carrier and deflected by 

20 means of a coupling grating 48, and is used for 
generating servo signals. Fig. 11a shows a per- 
spective view of the beamsplitter 45 and the detec- 
tion system 46. The beam splitter splits the incom- 
ing beam 49 in two outgoing beams 50 and 51, 

25 each of which is incident on a side of a dividing 
line 52 between the two halves of the split detec- 
tion system. The four spots 53 alongside the detec- 
tion system are due to the beams generated by the 
three-beam grating 38. The required orientation 

30 and polarization of the outgoing beams 50 and 51 
are achieved by giving the direction of orientation 
54 of the wedge of the beam splitter an angle of 
45* with the line of intersection 55 of the two 
planes forming the wedge. An alternative orienta- 

35 tion of the beam splitter and the detection system 
is shown in Fig. 11b. 

The PPBS 37* and the beam splitter wedge 45 
in the device of Fig. 10 may be integrated in one 
unit to make the device more compact. Fig. 12a 

40 shows a unit where the wedge 45 is optically 
connected to a face of the cube forming the PPBS 
37\ The wedge can also be arranged on the hypot- 
enuse plane of the cube, in contact with the PPBS 
coating 56, as shown in Fig. 12b. In case the PPBS 

45 is in the form of a plane parallel plate 37", as 
shown in Fig. 12c, the PPBS coating 56 may be 
arranged on one side of the plate, whereas the 
wedge 45 is arranged on the other side of the 
plate. 

so Fig. 13a shows another embodiment of a de- 

vice for scanning a magneto-optical record carrier 
provided with a mirror 57 to fold the light path of 
the device. The mirror may be advantageously 
integrated with the beam splitter wedge 45. The 

65 w dge is mounted with one of its sides on a plane 
parallel plate 58, whereas the oth r side of the 
w dge is provided with a reflection coating 57. Fig. 
13b shows an integrated mirror and wedge, with 
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the reflection-coated side of the wedge mounted on 
a plate. The integrated mirror and wedges shown in 
Figs. 13c and 13d use total internal reflection to 
deflect the light. The wedge 45 may b arrang d 
on the hypotenuse face of a prism 59, as shown in 
Fig. 13c, or on the face of the prism on which the 
incoming beam falls, as shown in Fig. 1 3d. 

In addition to its use in a device for scanning a 
magneto-optical record carrier, the beam splitter 
according to the invention may alternatively be 
used in other devices in which a light beam is to 
be split into different polarizations for determining 
the state of polarization of the light beam. It is 
sometimes desirable to couple out only a small 
part of the power in the light beam for determining 
the state of polarization; the power in the on-going 
light beam can then be used for other purposes. 
This can be satisfactorily realised by means of a 
beam splitter according to the invention. If the 
angle between the directions of orientation of, for 
example the beam splitter as shown in Fig. 6 is 
smaller than 45 • , the power in the on-going beam 
16 is larger than the sum of that of the polarized 
beams 17, 18. The state of polarization of the light 
beam can be determined by determining the power 
in the polarized beams, possibly combined with the 
power in the on-going beam. The beam splitter 
according to the invention has the advantage that 
only one optical component is to be arranged in 
the light beam and that any desired ratio of the 
power of the beams can be easily realised. The 
device may be a receiver in an optical communica- 
tion system as described in, for example the review 
article in the magazine Funkschau vol. 18, 1991, 
pp. 79-85 in which the information in the light beam 
is detected by means of heterodyne techniques. 

Claims 

1. A polarization-sensitive beam splitter compris- 
ing at least one transparent wedge-shaped ele- 
ment of a birefringent material, characterized in 
that the wedge-shaped element comprises a 
uniaxially oriented polymer material which is 
formed from a cured liquid crystalline mon- 
omer composition. 

2. A polarization-sensitive beam splitter as 
claimed in Claim 1, characterized by two 
wedge-shaped elements having mutually dif- 
ferent directions of orientation of the polymer 
materials. 

3. A polarization-sensitive beam splitter as 
claimed in Claim 1, characteriz d by thr e 
wedge-shaped elements arranged one behind 
the other, the outer two of which have the 
same direction of orientation of th polym r 



materials, said dir ction being different from 
the direction of orientation of the inner ele- 
ment. 

5 4. A polarization-sensitive beam splitter as 
y' claimed in Claim 1, 2 or 3, characterized in 
that at least one of the surfaces, entrance 
surface and exit surface, is provided with an 
anti-reflection grating. 

70 

5. A polarization-sensitive beam splitter as 
claimed in Claim 2, 3 or 4, characterized in 
that the angle between the two directions of 
orientation of the polymer material in the 

rs wedge-shaped elements is larger than 45 * . 

6. A device for scanning a magneto-optical 
record carrier comprising a light source for 
supplying a scanning beam, an optical system 

20 for directing the scanning beam onto an in- 

formation plane of the record carrier, a pho- 
tosensitive detection system arranged in the 
path of the scanning beam from the record 
carrier and a polarization-sensitive beam split- 

25 ter as claimed in Claim 1, 2, 3, 4 or 5, ar- 

ranged in said path before the detection sys- 
tem. 

7. A method of manufacturing a polarization-sen- 
30 sitive beam splitter comprising at least one 

transparent wedge-shaped element of a 
birefringent material, characterized in that two 
substrate plates are each provided with an 
orientation layer, whereafter the substrate 

as plates are arranged with their orientation layers 

facing each other while forming a wedge- 
shaped interspace, whereafter the interspace is 
filled with a liquid crystalline monomer com- 
• position which is subsequently cured while for- 

40 ming a wedge-shaped element, whereafter, if 

desired, the substrate plates are removed. 

8. A method as claimed in Claim 7, characterized 
in that a second transparent wedge-shaped 

45 element of a uniaxially oriented polymer ma- 

terial having a different direction of orientation 
is formed in an analogous manner, whereafter 
the two wedge-shaped elements are combined 
by means of an optically neutral glue. 

50 
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